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DESCRIPTION 



GMPT .S^TP/ MPT <; NODR AND TP/MPT NODR 

5 Technical Field 

The present invention relates to a connection scheme between networks using 
different switching schemes. In other words, the present invention relates to a 
connection scheme between networks managed by different methods. Particularly, the 
present invention relates to a network where GMPLS (Generalized Multi-Protocol Label 
10 Switching) networks 'and IP/MPLS (Internet Protocol/Multi-Protocol Label Switching) 
networks are mixed. 

Priority is claimed on Japanese Patent Application No. 2003-85423 filed March 
26, 2003, Japanese Patent Application No. 2003-296440 filed August 20, 2003, and 
Japanese Patent Application No. 2004-56129 filed March 1, 2004, the contents of which 
15 are incorporated herein by reference. 

Background Art 

Hereunder is a list of documents referred to in the present description. 
Non Patent Document 1: E. Rosen, A. Viswanathan, and R. Gallon, 
20 "Multiprotocol Label Switching Architecture", RFC 3031. 

Non Patent Document 2: J. Moy, "OSPF Version 2", RFC 2328. 

Non Patent Document 3: R. Coltun, "The OSPF Opaque LSA Option", RFC 

2370. 

Non Patent Document 4: K. Kompella and Y. Rekhter, "OSPF Extension in 
25 Support of Generalized MPLS", IETF draft, draft-ietf-ccamp-ospf-gmpls-extensions- 
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09.txt, Dec. 2002. 

Non Patent Document 5: P, Ashwood-Smith et al, "Generalized MPLS 
Signaling-RSVP-TE Extensions", IETF draft, draft-ietf-mpls-generalized-rsvp-te-09.txt, 
Aug. 2002. 

5 Non Patent Document 6: D. Awduche et al., "RSVP-TE : Extensions to RSVP 

for LSP Tunnels", RFC 3209, December 2001. 

Non Patent Document 7: A. Baneijee et al, "Generalized Multiprotocol Label 

Switching: An Overview of Routing and Management Enhancements", IEEE Commun. 

Mag., pp. 144-150, Jan. 2001. 
10 Non Patent Document 8: D. katz et al., "Traffic Engineering Extensions to OSPF 

Version 2", IETF draft, draft-katz-yeung-ospf-traffic-10.txt, June 2003. 

A conventional network comprising IP/MPLS nodes is shown in FIG. 21. In the 

network within the IP/MPLS, the switching capability of the node interface is all PSC 

(Packet Switching Capable). MPLS architecture is defined in order to support data 
15 transfer based on labels (for example, refer to Non Patent Document 1). In RFC3031, an 

LSR (Label Switching Router) means a node which has a data transfer plane which can 

identify the border of an IP packet or a cell (labeled IP packet), and which performs data 

transfer processing according to the contents of the IP packet header or cell header. In 

GMPLS, the LSR is not only the node that performs data transfer processing according to 
20 the contents of the IP packet header or cell header. The LSR in GMPLS includes a 

device which performs transfer processing based on the information of a time slot, a 

wavelength, or a physical port of a file. 

On the other hand, the LSR interface in GMPLS is classified into four by 

switching capability, namely: PSC (Packet Switch Capable), TDM (Time-Division 
25 Multiplex Capable), LSC (Lambda Switch Capable) and FSC (Fiber Switch Capable). 
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Moreover, the concept of labels in GMPLS is shown in FIG. 22A to FIG. 22D. 

(Description of PSC) 

A PSC interface can identify the border of an IP packet or a cell, and performs 
5 data transfer processing according to the contents of the IP packet header or cell header. 
In FIG. 22A, in the packet layer, a label uniquely defined by each link is defined, and the 
label is given to the IP packet to form an LSP (Label Switch Path). The link in FIG. 22A 
is a link which is defined between LSRs in order to transfer the IP packet. If transferring 
the IP packet on SDH/SONET, it becomes a SDH/SQNET path. If transferring on 
10 Ethernet (registered trademark), it becomes an Ethernet (registered trademark). 

(Description of TDM) 

The TDM interface performs data transfer processing based on a periodically 
repeated time slot. In FIG. 22, in the TDM layer, the label becomes the time slot. An 
15 example of a TDM interface is a DXC (data cross-connect) interface, which connects the 
time slot allocated on the input side and the time slot allocated on the output side, to form 
a TDM path, that is a SDH/SONET path. The link may be a wavelength path in some 
cases, or may simply be a fiber in other cases. 

20 (Description of LSC) 

An LSC interface performs data transmission processing based on the 
wavelength in the fiber used for transferring the data. In FIG. 22C, in the Lambda layer, 
the label becomes the wavelength. An example of an LSC interface is an OXC (optical 
cross-connect) interface, which connects the wavelength allocated on the input side and 

25 the wavelength allocated on the output side to form a Lambda path. An OXC interface 
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having LSC performs switching in wavelength units. 

(Description of FSC) 

An FSC interface performs data transmission processing based on the position 
5 of an actual physical port of a fiber used for transferring the data. In FIG. 22D, in the 
fiber layer, the label becomes the fiber. An example of an FSC interface is an OXC 
interface, which connects the input side fiber and the output side fiber to form a fiber 
path. The OXC interface having FSC performs switching in fiber units. The link means 
the physical aggregate of fibers, including conduits, etc. 

10 The above interfaces of switching capability can be hierarchized for use. For 

example, FSC, LSC, TDM and PSC in sequential order from the upper hierarchy. In 
GMPLS, the path with respect to the respective switching capability mentioned above is 
also called LSP. FIG. 23 shows the hierarchical structure of LSP. PSC-LSP belongs to 
TDM-LSP, and the PSC-LSP link becomes TDM-LSP. TDM-LSP belongs to LSC-LSP, 

15 and the TDM-LSP link becomes LSC-LSP. LSC-LSP becomes FSC-LSP and the LSC- 
LSP link becomes FSC-LSP. Moreover, considering a case where the TDM layer is 
omitted, PSC-LSP belongs to LSC-LSP, and the PSC-LSP link becomes LSC-LSP. The 
relation of LSC-LSP and FSC-LSP is similar to that of FIG. 22B. As the layer becomes 
lower, the LSP band becomes broader. 

20 In such conventional techniques, for example as shown in FIG. 24, if GMPLS 

nodes 2, 3, 4, 5, and 6 being GMPLS nodes having PSC switching capability and LSC 
switching capability, and IP/MPLS nodes 1 and 7 having only the PSC function are 
mixed, the IP/MPLS nodes are not matched with GMPLS protocol. Therefore, as shown 
in FIG. 25 in the conventional technique, all nodes have to be replaced by GMPLS nodes 

25 which are operated by GMPLS protocol in order to match the IP/MPLS nodes having 
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only PSC function with GMPLS protocol. Accordingly, the installation cost becomes 
higher for installing the GMPLS nodes. 

In GMPLS, there are routing protocols and signaling protocols for GMPLS with 
the extended DP/MPLS. In the routing protocol for GMPLS, GMPLS regards LSPs in all 
5 hierarchies as the link from the viewpoint of the upper layer, and advertise the link state. 
Accordingly, the nodes in the GMPLS network hold all link states, and have the 
topologies of the respective layers. A database of the topologies is made for traffic 
engineering, and is called a GMPLS-TED (Traffic Engineering Database). The 
respective nodes hold the GMPLS-TED. 

10 In the signaling protocol, there are signaling protocols for GMPLS, and all 

GMPLS nodes are required to operate the signaling protocol for GMPLS. FIGS. 26A 
and 26B show how LSC-LSPs are established on the hierarchy of PSC-LSP. The LSC- 
LSP is established between node 2 and node 4. The LSC-LSP is established between 
node 4 and node 5. The PSC-LSP is established through the two LSC-LSPs between 

15 node 21 and node 27. 

FIG. 27 shows the structure of a conventional GMPLS node. As shown in FIG. 
27, the conventional GMPLS node comprises; a GMPLS signaling unit 10 which 
controls the signaling of GMPLS, a GMPLS routing unit 11 which controls the routing of 
GMPLS, a GMPLS-TED unit 14 which stores the link state information of the GMPLS 

20 network, a control unit controller 20 which controls the respective units, and a switch 
unit 19 which performs packet switching. 



25 



Disclosure of Invention 
The present invention is based on such background, with an object of providing 
a network having GMPLS and IP/MPLS mixed, in which an IP/MPLS node can be 
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operated as is without rcpla.ciiig the IP/MPLS node with the GMPLS node, even if the 
GMPLS node and DP/MPLS node are mixed. 

In the present invention, it is not necessary to replace all nodes with GMPLS. 
The node which was originally the IP/IMLPLS node can be used as the IP/NIP LS as is. 
5 A GMPLS cloud which is composed of only nodes having GMPLS functions is 

constructed. A node in the GMPLS cloud which is connected to the EP/MPLS node by a 
physical link is called an edge node. As this edge node, there is arranged a 
GMPLS+IP/MPLS node which can process the GMPLS protocol and the IP/MPLS 
protocol (hereunder, GMPLS+IP/MPLS node (edge)). Moreover, a node except for the 

10 GMPLS+IP/MPLS node (edge) being the node having the GMPLS function in the 

GMPLS cloud is called a core node. As the core node, there is arranged either one of the 
GMPLS+IP/MPLS node or the GMPLS node. The GMPLS+IP/MPLS node as the core 
node is denoted by GMPLS+IP/MPLS node (core). The GMPLS node as the core node 
is denoted by GMPLS node (core). 

15 The GMPLS+IP/MPLS node (edge) supports the following functions so as to 

match with the protocol of the IP/MPLS node outside of the GMPLS cloud. The PSC- 
LSP is established between the GMPLS+IP/MPLS nodes (edge). The PSC-LSP is used 
as the IP/MPLS link from the aspect of IP/MPLS node. The signaling of MPLS-LSP 
establishment requested from the IP/MPLS is operated. The GMPLS+IP/MPLS node 

20 (edge) has the GMPLS-TED and the IP/MPLS-TED. The IP/MPLS node has the 

IP/MPLS-TED. The GMPLS+IP/MPLS node (core) or the GMPLS node (core) has the 
GMPLS-TED. 

Accordingly, the IP/MPLS node can be operated in a network having GMPLS 
mixed, in a similar way to that of a network having IP/MPLS only, without operating the 
25 GMPLS protocol. 
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That is, a first aspect of the present invention is a GMPLS+IP/MPLS node 
which is used in a network in which a GMPLS network and an IP network are mixed, the 
GMPLS network comprising a node having a GMPLS function, the IP network 
comprising an IP/MPLS (Internet Protocol/Muiti Protocol Label Switching) node, and 
5 which constitutes the GMPLS network, and which processes a GMPLS protocol and an 
IP/MPLS protocol, the GMPLS+IP/MPLS node. 

Here, the present invention comprises: a device which establishes a GMPLS 
label path of a packet layer with another GMPLS+IP/MPLS node in the GMPLS 
network; and a device which tunnel transfers a packet transferred from the IP/MPLS 
10 node with the other GMPLS+IP/MPLS node through the GMPLS label path. 

Therefore, viewing from the IP/MPLS node, the GMPLS label path of the 
packet layer established in the GMPLS network looks like a label path in the IP/MPLS 
network. Accordingly, a network having the IP/MPLS and the GMPLS mixed can be 
configured. 

15 There may be provided a device which advertises link state information of the 

GMPLS label path of the packet layer to the IP/MPLS node by a router LS A (Label 
Switching Advertisement) as a normal link in the IP/MPLS node. 

Therefore, the link state information of the GMPLS label path of the packet 
layer in the GMPLS network can be advertised in a form acceptable by the IP/MPLS 

20 node. 

There may be provided: a device which holds the link state information having 
the GMPLS label path of the packet layer advertised as the link; and a device which 
holds link state information inside of the GMPLS network. 

Therefore, the link state information of both the GMPLS network and the 
25 IP/MPLS network can be held to deal with both networks. 
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There may be provided a device which converts a link of PSC-LSP (Packet 
Switch Capable-Label Switch Path) used for IP/MPLS from an unnumbered system into 
a numbered system to advertise as the link of the numbered system. Alternatively, there 
may be provided a device which advertises the GMPLS label switch path of the packet 
5 layer as a link of a numbered system. 

Therefore, the link state information of the GMPLS label path of the packet 
layer in the GMPLS network can be advertised in a form acceptable by the IP/MPLS 
node. 

There may be provided: a device which performs processing inside of the 
10 GMPLS network in accordance with an unnumbered system; and a device which 
converts a link of PSC-LSP used for IP/MPLS from the unnumbered system into a 
numbered system to advertise as the link of the numbered system. Altematively, there 
may be provided: a device which performs processing inside of the GMPLS network in 
accordance with an unnumbered system; and a device which converts the GMPLS label 
15 switch path of the packet layer from the unnumbered system into a numbered system to 
advertise as the link of the numbered system. 

Therefore, convenient processes may be respectively performed in the GMPLS 
network and the IP/MPLS network. 

In such a numbered system, there may be provided: a device which previously 
20 stores an IP address; and a device which uses the stored IP address as an IP address of the 
link of the numbered system. 

There may be provided an LSA converting device which converts an Opaque 
LSA expressing a D-plane label path in the GMPLS network into a router LSA, wherein 
when the label path is a point-to-point Link type of a numbered system, the LSA 
25 converting device may change a Link-State Advertisement Type to 1 corresponding to 
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the router LSA, copy an Advertising Router value and an LS Sequence number value, 
copy a Link ID field value in the Opaque LSA to a Link ID field of the router LSA, and 
copy a Local interface IP address field value in the Opaque LSA to a Link Data field of 
the router LSA expressing a router interface's IP address. 
5 Therefore, it becomes possible to generate a router LSA which plays a role of 

advertising the GMPLS label path to the MPLS network. 

There may be provided an LSA converting device which converts an Opaque 
LSA expressing a D-plane label path in the GMPLS network into a router LSA, wherein 
when the label path is a point-to-point Link type of an unnumbered system, the LSA 

10 converting device may change a Link-State Advertisement Type to 1 corresponding to 
the router LSA, copy an Advertising Router value and an LS Sequence number value, 
copy a Link ID field value in the Opaque LSA to a Link ID field of the router LSA, and 
copy a Link Local Identifiers field value in the Opaque LSA to a Link Data field of the 
router LSA expressing an iflndex value. 

15 Therefore, it becomes possible to generate a router LSA which plays a role of 

advertising the GMPLS label path to the MPLS network. 

There may be provided an LSA converting device which converts an Opaque 
LSA expressing a D-plane label path in the GMPLS network into a router LSA, wherein 
when the label path is a multi-access Link type, the LSA converting device may change a 

20 Link-State Advertisement Type to 1 corresponding to the router LSA, copy an 

Advertising Router value and an LS Sequence number value, copy a Link ID field value 
in the Opaque LSA to a Link ID field of the router LSA, and copy a Local interface IP 
address field value in the Opaque LSA to a Link Data field of the router LSA expressing 
a router interface's IP address. 

25 Therefore, it becomes possible to generate a router LSA which plays a role of 
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advertising the GMPLS label path to the MPLS network. 

There may be provided: an LSA identifying device which receives a router LSA 
generated by another GMPLS +IP/MPLS node and identifies whether the router LSA 
advertises a C-plane of the GMPLS network, or whether the router LSA is obtained by 
5 converting an Opaque LSA expressing the GMPLS label path; and a link state holding 
device which holds link state information of the GMPLS network, wherein the LSA 
identifying device may search the link state holding device of the GMPLS+IP/MPLS 
node itself using an Advertising Router value and an LS Sequence number value 
included in the received router LSA as a key, and when link state information having the 

10 same Advertising Router and LS Sequence number as the received router LSA is held in 
the link state holding device, the LSA identifying device may judge that the received 
router LSA is obtained by converting the Opaque LSA expressing the GMPLS label path. 

Therefore, it becomes possible to identify whether the router LSA advertised to 
the network expresses the C-plane of the GMPLS network, or whether the router LSA is 

15 generated by converting the Opaque LSA expressing the D-plane label path. 

Consequently, the GMPLS node can judge which router LSA should be used for 
generating the C-plane topology and which router LSA should be used for generating the 
D-plane topology. 

There may be provided an LSA converting device which converts an Opaque 
20 LSA expressing a D-plane label path in the GMPLS network into a router LSA, wherein 
when the label path is a point-to-point Link type of a numbered system, the LSA 
converting device may change a Link-State Advertisement Type to 1 corresponding to 
the router LSA, copy an Advertising Router value, turn on a label path conversion flag 
which shows that the Opaque LSA expressing the D-plane label path in the GMPLS 
25 network is converted into the router LSA, copy a Link ID field value in the Opaque LSA 
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to a Link ID field of the router LSA, and copy a Local interface DP address field value in 
the Opaque LSA to a Link Data field of the router LSA expressing a router interface's IP 
address. 

Therefore, it becomes possible to generate a router LSA which plays a role of 
5 advertising the GMPLS label path to the MPLS network. 

There may be provided an LSA converting device which converts an Opaque 
LSA expressing a D-plane label path in the GMPLS network into a router LSA, wherein 
when the label path is a point-to-point Link type of an unnumbered system, the LSA 
converting device may change a Link-State Advertisement Type to 1 corresponding to 

10 the router LSA, copy an Advertising Router value, turns on a label path conversion flag 
which shows that the Opaque LSA expressing the D-plane label path in the GMPLS 
network is converted into the router LSA, copy a Link ID field value in the Opaque LSA 
to a Link ID field of the router LSA, and copy a Link Local Identifiers field value in the 
Opaque LSA to a Link Data field of the router LSA expressing an iflndex value. 

15 Therefore, it becomes possible to generate a router LSA which plays a role of 

advertising the GMPLS label path to the MPLS network. 

There may be provided an LSA converting device which converts an Opaque 
LSA expressing a D-plane label path in the GMPLS network into a router LSA, wherein 
when the label path is a multi-access Link type, the LSA converting device may change a 

20 Link-State Advertisement Type to 1 corresponding to the router LSA, copy an 

Advertising Router value, turn on a label path conversion flag which shows that the 
Opaque LSA expressing the D-plane label path in the GMPLS network is converted into 
the router LSA, copy a Link ID field value in the Opaque LSA to a Link ID field of the 
router LSA, and copy a Local interface IP address field value in the Opaque LSA to a 

25 Link Data field of the router LSA expressing a router interface's IP address. 
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Therefore, it becomes possible to generate a router LSA which plays a role of 
advertising the GMPLS label path to the MPLS network. 

There may be provided an LSA identifying device which receives a router LSA 
generated by another GMPLS+IP/MPLS node and identifies whether the router LSA 
5 advertises a C-plane of the GMPLS network, or whether the router LSA is obtained by 
converting an Opaque LSA expressing the GMPLS label path; and a link state holding 
device which holds link state information of the GMPLS network, wherein the LSA 
identifying device may search the link state holding device of the GMPLS+IP/MPLS 
node itself using an Advertising Router value and a label path conversion flag included in 

10 the received router LSA as a key, and when link state information having the same 
Advertising Router value as the received router LSA and having the label path 
conversion flag turned on is held in the link state holding device, the LSA identifying 
device may judge that the received router LSA is obtained by converting the Opaque 
LSA expressing the GMPLS label path. 

15 Therefore, it becomes possible to identify whether the router LSA advertised to 

the network expresses the C-plane of the GMPLS network, or whether the router LSA is 
generated by converting the Opaque LSA expressing the D-plane label path. 
Consequently, the GMPLS node can judge which router LSA should be used for 
generating the C-plane topology and which router LSA should be used for generating the 

20 D-plane topology. 

There may be provided a device which, when a C-plane topology of the GMPLS 
network is advertised by the router LSA, an IP/MPLS node receiving the router LSA 
recognizes the C-plane topology of the GMPLS network, and an IP/MPLS node having 
information regarding the topology outputs a request to specify the C-plane of the 

25 GMPLS network and to establish an MPLS label path, and if there is a GMPLS label 
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path having the corresponding nodes on opposite ends of a C-plane link on a route 

specified by the request, allocates the specified route to the GMPLS label path. 

There may be provided a device which, when a C-plane topology of the GMPLS 

network is advertised by the router LS A, an IP/MPLS node receiving the router LSA 
5 recognizes the C-plane topology of the GMPLS network, and an IP/MPLS node having 

information regarding the topology outputs a request to specify the C-plane of the 

GMPLS network and to establish an MPLS label path, and if there is no GMPLS label 

path having the corresponding nodes on opposite ends of a C-plane link on a route 

specified by the request, in response to an MPLS label path establishment request output 
10 from the IP/MPLS node, newly establishes a label path on a D-plane corresponding to 

opposite nodes of the C-plane link, and allocates the specified route to the newly 

established label path. 

Therefore, in the case where the MPLS node specifies the C-plane of the 

GMPLS network as the route, even if there is no corresponding label path on the 
15 corresponding link, it becomes possible to automatically and newly establish the 

corresponding label path and establish the MPLS path using the new label path. 

There may be provided a device which, when the GMPLS label path having the 

corresponding nodes on opposite ends of the C-plane link of the GMPLS network 

specified by the IP/MPLS node is allocated, and if the GMPLS+IP/MPLS node itself 
20 directly receives the request from the IP/MPLS node, transfers data which is transferred 

from the IP/MPLS node, not to the route specified by the IP/MPLS node, but to the 

allocated GMPLS label path. 

By installing the abovementioned invention related to the routing protocol, in 

the GMPLS node, it becomes possible to interconnect the GMPLS network and the 
25 IP/MPLS network. 
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A second aspect of the present invention is an EP/MPLS node which is used in a 
network in which a GMPLS network and an IP network are mixed, the GMPLS network 
comprising a node having a GMPLS function, the IP network comprising an IP/MPLS 
node, and which is connected to the GMPLS network. 
5 Here, in the present invention, a GMPLS+IP/MPLS node which constitutes the 

GMPLS network and which is capable of processing a GMPLS protocol and an IP/MPLS 
protocol establishes a GMPLS label path of a packet layer with another 
GMPLS+IP/MPLS nodes in the GMPLS network, the IP/MPLS node comprising a 
device which holds link state information having a GMPLS label path of the packet layer 
10 advertised as a link. 

A third aspect of the present invention is a network comprising a 
GMPLS+IP/MPLS node and an IP/MPLS node according to the present invention 
wherein the GMPLS and the IP/MPLS are mixed. 

A fourth aspect of the present invention is a packet communication method in a 
15 network in which a GMPLS network and an IP network are mixed, the GMPLS network 
comprising a node having a GMPLS function, the IP network comprising an IP/MPLS 
node, and the IP/MPLS node transfers a packet with the node having the GMPLS 
function. 

Here, the present invention comprises: a step of providing a GMPLS+IP/MPLS 
20 node which is capable of processing a GMPLS protocol and an IP/MPLS protocol and 
which is directly connected to the IP network among nodes having the GMPLS function 
constituting the GMPLS network; a step of establishing a GMPLS label path of a packet 
layer with another GMPLS+IP/MPLS node in the GMPLS network by the 
GMPLS+IP/MPLS node; and a step of tunnel transferring a packet transferred from the 
25 IP/MPLS node with the other GMPLS+IP/MPLS node through the GMPLS label path. 
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Link state information of the GMPLS label path of the packet layer may be 
advertised to the IP/MPLS node by a router LSA as a normal link in the IP/MPLS node. 

Link state information of the GMPLS label path of the packet layer may be 
advertised to the IP/MPLS node by an Opaque LSA which can be processed by an MPLS 
5 router as a normal link in the IP/MPLS node. 

Link state information having the GMPLS label path of the packet layer 
advertised as the link may be held, and link state information inside of the GMPLS 
network may be held. 

A link of PSC-LSP used for IP/MPLS may be converted from an unnumbered 
10 system into a numbered system and be advertised as the link of the numbered system. 

The GMPLS network may perform processing in accordance with an 
unnumbered system, and a link of PSC-LSP used for IP/MPLS may be converted from 
the unnumbered system into a numbered system and be advertised as the link of the 
numbered system. 

15 The GMPLS label switch path of the packet layer may be advertised as the link 

of a numbered system. 

The GMPLS network may perform processing in accordance with an 
unnumbered system, and the GMPLS label switch path of the packet layer may be 
converted from the unnumbered system into a numbered system, and be advertised as the 
20 link of the numbered system. 

An IP address may be previously stored, and the stored IP address may be used 
as an IP address of the link of the numbered system. 

In order to convert an Opaque LSA expressing a D-plane label path in the 
GMPLS network into a router LSA, when the label path is a point-to-point Link type of a 
25 numbered system, a Link-State Advertisement Type may be changed to 1 corresponding 
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to the router LSA, an Advertising Router value and an LS Sequence number value may 
be copied, a Link ID field value in the Opaque LSA may be copied to a Link ID field of 
the router LSA, and a Local interface IP address field value in the Opaque LSA may be 
copied to a Link Data field of the router LSA expressing a router interface's IP address. 
5 In order to convert an Opaque LSA expressing a D-plane label path in the 

GMPLS network into a router LSA, when the label path is a point-to-point link type of 
an unnumbered system, a Link-State Advertisement Type may be changed to 1 
corresponding to the router LSA, an Advertising Router value and an LS Sequence 
number value may be copied, a Link ID field value in the Opaque LSA may be copied to 

10 a Link ID field of the router LSA, and a Link Local Identifiers field value in the Opaque 
LSA may be copied to a Link Data field of the router LSA expressing an iflndex value. 

In order to convert an Opaque LSA expressing a D-plane label path in the 
GMPLS network into a router LSA, when the label path is a multi-access Link type, a 
Link-State Advertisement Type may be changed to 1 corresponding to the router LSA, an 

15 Advertising Router value and an LS Sequence number value may be copied, a link ID 
field value in the Opaque LSA may be copied to a Link ID field of the router LSA, and a 
Local interface IP address field value in the Opaque LSA may be copied to a link Data 
field of the router LSA expressing a router interface's IP address. 

A router LSA generated by another GMPLS+IP/MPLS node may be received, 

20 and in order to identify whether the router LSA advertises a C-plane of the GMPLS 

network or whether the router LSA is obtained by converting an Opaque LSA expressing 
the GMPLS label path, a link state holding device of its own GMPLS+IP/MPLS node 
which holds link state information of the GMPLS network may be searched, using an 
Advertising Router value and an LS Sequence number value included in the received 

25 router LSA as a key, and when link state information having the same Advertising 
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Router and LS Sequence number as the received router LSA is held in the link state 
holding device, it may be judged that the received router LSA is obtained by converting 
the Opaque LSA expressing the GMPLS label path. 

In order to convert an Opaque LSA expressing a D-plane label path in the 
5 GMPLS network into a router LSA, when the label path is a point-to-point Link type of a 
numbered system, a Link-State Advertisement Type may be changed to 1 corresponding 
to the router LSA, an Advertising Router value may be copied, a label path conversion 
flag which shows that the Opaque LSA expressing the D-plane label path in the GMPLS 
network may be converted into the router LSA may be turned on, a Link ID field value in 

10 the Opaque LSA may be copied to a Link ID field of the router LSA, and a Local 

interface IP address field value in the Opaque LSA may be copied to a Link Data field of 
the router LSA expressing a router interface's IP address. 

In order to convert an Opaque LSA expressing a D-plane label path in the 
GMPLS network into a router LSA, when the label path is a point-to-point Link type of 

15 an unnumbered system, a Link-State Advertisement Type may be changed to 1 

corresponding to the router LSA, an Advertising Router value may be copied, a label 
path conversion flag which shows that the Opaque LSA expressing the D-plane label 
path in the GMPLS network may be converted into the router LSA is tumed on, a Link 
ID field value in the Opaque LSA may be copied to a Link ID field of the router LSA, 

20 and a Link Local Identifiers field value in the Opaque LSA may be copied to a Link Data 
field of the router LSA expressing an iflndex value. 

In order to convert an Opaque LSA expressing a D-plane label path in the 
GMPLS network into a router LSA, when the label path is a multi-access Link type, a 
Link-State Advertisement Type may be changed to 1 corresponding to the router LSA, an 

25 Advertising Router value may be copied, a label path conversion flag which shows that 
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the Opaque LSA expressing the D-plane label path in the GMPLS network is converted 
into the router LSA may be turned on, a Link ED field value in the Opaque LSA may be 
copied to a Link ID field of the router LSA, and a Local interface IP address field value 
in the Opaque LSA may be copied to a Link Data field of the router LSA expressing a 
5 router interface's IP address. 

A router LSA generated by another GMPLS+IP/MPLS node may be received, 
and in order to identify whether the router LSA advertises a C-plane of the GMPLS 
network or whether the router is obtained by converting an Opaque LSA expressing the 
GMPLS label path, a link state holding device of its own GMPLS+IP/MPLS node which 

10 holds link state information of the GMPLS network may be searched using an 

Advertising Router value and a label path conversion flag included in the received router 
LSA as a key, and when link state information having the same Advertising Router value 
as the received router LSA and having the label path conversion flag turned on is held in 
the link state holding device, it may be judged that the received router LSA is obtained 

15 by converting the Opaque LSA expressing the GMPLS label path. 

The GMPLS+IP/MPLS node may advertise a C-plane topology of the GMPLS 
network by the router LSA, an IP/MPLS node receiving the router LSA may recognize 
the C-plane topology of the GMPLS network, an IP/MPLS node having information 
regarding the topology may output a request to specify the C-plane of the GMPLS 

20 network and to establish an MPLS label path, and if there is a GMPLS label path having 
the corresponding nodes on opposite ends of a C-plane link on a route specified by the 
request, the GMPLS+IP/MPLS node may allocate the specified route to the GMPLS 
label path. 

The GMPLS+IP/MPLS node may advertise a C-plane topology of the GMPLS 
25 network by the router LSA, an IP/MPLS node receiving the router LSA may recognize 
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the C-plane topology of the GMPLS network, an IP/MPLS node having information 
regarding the topology may output a request to specify the C-plane of the GMPLS 
network and to establish an MPLS label path, and if there is no GMPLS label path 
having the corresponding nodes on opposite ends of a C-plane link on a route specified 
5 by the request, in response to an MPLS label path establishment request output from the 
IP/MPLS node as a trigger, the GMPLS+IP/MPLS node may newly establish a label path 
on a D-plane corresponding to opposed nodes of the C-plane link, and may allocate the 
specified route to the newly established label path. 

When the GMPLS label path having the corresponding nodes on opposite ends 

10 of the C-plane link of the GMPLS network specified by the IP/MPLS node is allocated, a 
GMPLS+IP/MPLS node which directly receives the request from the IP/MPLS node may 
transfer data which is transferred from the IP/MPLS node, not to the route specified by 
the IP/MPLS node, but to the allocated GMPLS label path. 

The IP/MPLS node may hold link state information having the GMPLS label 

IS path of the packet layer advertised as a link. 

A fifth aspect of the present invention is a method for configuring a network in 
which GMPLS 2uid IP/MPLS are mixed, the method comprises the steps of: providing a 
GMPLS+IP/MPLS node which transfers a packet using the packet communication 
method of the present invention; and providing an IP/MPLS node which transfers the 

20 packet using the packet communication method of the present invention. 

According to the present invention, it becomes possible to realize a network 
having GMPLS and IP/MPLS mixed, in which the IP/MPLS node can be operated as is 
without replacing the IP/MPLS node with a node having a GMPLS function, even if the 
GMPLS and IP/MPLS are mixed. 

25 Moreover, according to the present invention, in the case where the GMPLS 
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network and the IP/MPLS network are connected, the routing protocol is normally 
operated. By performing traffic engineering based on this, it becomes possible to 
distribute the traffic, and to effectively use the network resources. 



5 Brief Description of Drawings 

FIG. lA to FIG. IC is a conceptual diagram of tunnel transfer in an embodiment 
of the present invention. 

FIG. 2 is a flowchart showing a packet communication protocol of the 
embodiment of the present invention. 
10 FIG. 3 shows a network comprising IP/MPLS nodes and GMPLS nodes of the 

embodiment of the present invention. 

FIG. 4 is a block diagram of a control unit of a GMPLS edge node of the 
embodiment of the present invention. 

FIG. 5 is a block diagram of a control unit of a GMPLS core node of the 
15 embodiment of the present invention. 

FIG. 6 is a block diagram of a control unit of an IP/MPLS node of the 
embodiment of the present invention. 

FIG. 7A shows a numbered system in a GMPLS cloud, and FIG. 7B shows a 
numbered system outside of a GMPLS cloud. 
20 FIG. 8A shows a numbered system in a GMPLS cloud, and FIG. 8B shows a 

numbered system outside of a GMPLS cloud. 

FIG. 9 is an explanatory diagram of the allocation of IP addresses to a numbered 
link of the embodiment of the present invention. 

FIG. 10 is a block diagram of a control unit of a GMPLS edge node of the 
25 embodiment of the present invention. 
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FIG. 11 is a block diagram of a control unit of a GMPLS edge node of the 
embodiment of the present invention. 

FIG. 12 shows a network comprising IP/MPLS nodes, GMPLS+IP/MPLS nodes 
and GMPLS nodes. 

FIG. 13A to FIG. 13C is an explanatory diagram of an establishment condition 
of LSP establishment in an example 4. 

FIG. 14 shows a management condition of link state information in a network 
comprising IP/MPLS nodes, GMPLS+IP/MPLS nodes and GMPLS nodes. 

FIG. 15 is a block diagram showing the structure of an LSA converting unit 
provided for the GMPLS+IP/MPLS node according to an example 6. 

FIG. 16 is a table showing the correspondence of parameters of an Opaque LSA 
and a router LSA. 

FIG. 17 is a block diagram showing a stmcture of a router LSA identification 
unit provided for the GMPLS+IP/MPLS node according to an example 7. 

FIG. 18 is a block diagram showing a structure of a network for explaining an 
example 10. 

FIG. 19 shows a path establishment sequence of the network of example 10 
comprising GMPLS+IP/MPLS nodes. 

FIG. 20 shows a path establishment sequence of the network of an example 11 
comprising GMPLS+IP/MPLS nodes. 

FIG. 21 shows a network comprising IP/MPLS nodes. 

FIG. 22A to FIG. 22D shows the concept of labels. 

FIG. 23 is an explanatory diagram of LSP hierarchization. 

FIG. 24 is an explanatory diagram of the case where GMPLS nodes are inserted 
in a network comprising IP/MPLS nodes. 
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FIG. 25 shows a cx)nventional network comprising GMPLS nodes. 
FIG. 26A and FIG. 26B shows LSP hierarchization in the conventional network 
comprising GMPLS nodes. 

FIG. 27 is a block diagram of a control unit for the conventional GMPLS node. 

5 

Best Mode for Carrying Out the Invention 
Hereunder is a description of GMPLS+IP/MPLS nodes, GMPLS nodes, 
IP/MPLS nodes, networks, and a method for configuring a network, of an embodiment of 
the present invention, with reference to the drawings. 

10 In the network of the embodiment of the present invention, as shown in FIG. lA 

to FIG. IC, an IP packet transferred from an IP/MPLS node is transferred in accordance 
with tunnel transfer using an MPLS-LSP (FIG. lA) or a PSC-LSP (FIG. IB), that is a 
GMPLS label path of a packet layer established between a GMPLS+IP/MPLS node 
(edge) 2 and a GMPLS+IP/MPLS node (edge) 5. In the embodiment of the present 

15 invention, the description is only regarding one-way, to make the description easily 

understood. However, the transferring direction may be either two-way or one-way. The 
description of two-way is omitted since it can be easily deduced from the description of 
one-way. 

A packet communication protocol in the network of the embodiment of the 
20 present invention is described with reference to FIG. 2. The GMPLS+IP/MPLS node 
detects the link to be connected to the GMPLS+IP/MPLS itself (Step 1). The link with 
an IP/MPLS node is established (Step 2). Then, the GMPLS+IP/MPLS node recognize 
itself as the GMPLS+IP/MPLS node (edge) and sets the mode (Step 3). Subsequently, 
the GMPLS label path of the packet layer is established with another GMPLS+IP/MPLS 
25 node (edge) in the GMPLS network (Step 4). When the establishment of the GMPLS 
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label path of the packet layer is completed, the packet transferred from the IP/MPLS 
node is tunnel transferred to the other GMPLS+IP/MPLS nodes (edge) (Step 5). 

As shown in FIG. 3, the GMPLS+IP/MPLS nodes of the embodiment of the 
present invention are used in the network in which a GMPLS network and an IP network 
5 are mixed and the GMPLS network comprises nodes having the GMPLS function and 
the IP network comprises IP/MPLS nodes, and the GMPLS+IP/MPLS nodes constitute 
the GMPLS network and can deal with the GMPLS protocol and the IP/MPLS protocol. 

Here, as shown in FIG. 4, a feature of the embodiment of the present invention 
is that there is provided a GMPLS signaling unit iO which establishes the GMPLS label 

10 path of the packet layer with another GMPLS+IP/MPLS node in the GMPLS network, 
and a GMPLS routing unit 11 which tunnel transfers the packet transferred from the 
IP/MPLS node with the other GMPLS +IP/MPLS node through the GMPLS label path. 

Furthermore, there is provided an IP/MPLS-TED unit 13 which takes the 
GMPLS label path of the packet layer as a normal link in the IP/MPLS node and 

15 advertises the link state information to the IP/MPLS node by a router LSA. The 

IP/MPLS-TED unit 13 holds the link state information advertised by using the GMPLS 
label path of the packet layer as the link. Furthermore, it comprises a GMPLS-TED unit 
14 which holds the link state information inside of the GMPLS network. 

Moreover, as shown in FIG. 10, with respect to the PSC-LSP link used for 

20 IP/MPLS, there is provided an IP address pool 16 which converts an unnumbered system 
into a numbered system to advertise as the link of the numbered system. Alternatively, 
as shown in FIG. 11, the GMPLS network processes in accordance with the unnumbered 
system, and, there is provided an IP address pool 16 and a numbered/unnumbered 
converting unit 15 which converts the unnumbered system into the numbered system to 

25 advertise as the link of the numbered system with respect to the PSC-LSP link used for 
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IP/MPLS. The numbered/unnumbered converting unit 15 can advertise the GMPLS 
label switch path of the packet layer as the link of the numbered system. 

Alternatively, it is also acceptable that the GMPLS network processes in 
accordance with the unnumbered system, and the numbered/unnumbered converting unit 
15 and the IP address pool 16 are used to convert the GMPLS label switch path of the 
packet layer of the unnumbered system into a numbered system and advertise as the link 
of the numbered system. 

The IP address pool 16 previously stores the IP address, and the stored IP 
address is used as the IP address of the link of the numbered system. 

Moreover, the GMPLS+IP/MPLS node also includes an MPLS signaling unit 17 
and an IP/MPLS routing unit 18 as the function of the IP/MPLS node. 

As shown in FIG. 6, the IP/MPLS node of the embodiment of the present 
invention comprises the IP/MPLS-TED unit 13 which holds the link state information 
advertised using the GMPLS label path of the packet layer as the link. A switch unit 19 
switches the paths which are established to the respective nodes. 

The network of the embodiment of the present invention includes the 
GMPLS+IP/MPLS node and the IP/MPLS node of the embodiment of the present 
invention, wherein GMPLS and IP/MPLS are mixed. 

Hereunder is a detailed description of the embodiment of the present invention. 

[Example 1] 

The establishment condition of the LSP establishment in example 1 is described 
using FIG. lA to FIG. IC. The GMPLS+IP/MPLS node (edge) 2 and the 
GMPLS+IP/MPLS node (edge) 5 establish the PSC-LSP. Since the PSC-LSP is 
established through the LSC-LSP, the LSC-LSP is established before the PSC-LSP is 
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established. The GMPLS+IP/MPLS node (edge) is used as a normal link of IP/MPLS 
with respect to the IP/MPLS node outside of the GMPLS cloud. 

As shown in FIG. lA, if an MPLS-LSP is established to an IP/MPLS node 1 and 
an IP/MPLS node 7, the MPLS-LSP uses the PSC-LSP as a normal link with respect to 
5 the IP/MPLS node. The IP packet passes inside the MPLS-LSP. 

Moreover, as shown in FIG. IB, in some cases the IP/MPLS node 1 transfers the 
IP packet to the IP/MPLS node 7 and not through the MPLS-LSP. In this case, the PSC- 
LSP established to the GMPLS+IP/MPLS node (edge) 2 and the GMPLS+IP/MPLS node 
(edge) 5 is used as a normal link for the IP/MPLS node. 

10 FIG. 3 shows the management condition of the link state information in the 

network comprising the IP/MPLS node, the GMPLS+IP/MPLS node, and the GMPLS 
node. The GMPLS+IP/MPLS node or the GMPLS node in the GMPLS cloud manages 
the link state information of the GMPLS. For example, if the link state information is 
advertised in the GMPLS using the routing protocol for the GMPLS, an Opaque LSA is 

15 used (for example, refer to Non Patent Documents 2, 3, and 4). Advertisement is 

performed in the same form as that of the link between the IP/MPLS nodes, so that the 
PSC-LSP established between the GMPLS+IP/MPLS nodes (edge) is treated as a normal 
link for the IP/MPLS router. For example, if OSPF (Open Shortest Path First) routing 
protocol is used, the router LSA is used (for example, refer to Non Patent Document 2). 

20 As shown in FIG. 4, FIG. 10, and FIG. 11, the GMPLS+IP/MPLS node (edge) 

has the GMPLS-TED unit 14 and the IP/MPLS-TED unit 13. As shown in FIG. 6, the 
IP/MPLS node has the IP/MPLS-TED unit 13. As shown in FIG, 5, the GMPLS node as 
a core node (hereunder, GMPLS node (core)) has the GMPLS-TED unit 14. In the 
IP/MPLS node, the PSC-LSP in the GMPLS cloud is treated as a normal link between 

25 the IP/MPLSs. The link state which is advertised by the GMPLS routing protocol is not 
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advertised to the IP/MPLS node. 

FIG. 4 shows the structure of a control unit of the GMPLS+IP/MPLS node 
(edge). The control unit of the GMPLS+IP/MPLS node (edge) comprises; an MPLS 
signaling unit 17, a GMPLS signaling unit 10, an IP/MPLS routing unit 18, a GMPLS 
5 routing unit 11, an IP/MPLS-TED unit 13, and a GMPLS-TED unit 14. They are 

controlled by a control unit controller 20. The GMPLS signaling unit 10 is operated for 
example by a GMPLS-RSVP-TE protocol (for example, refer to Non Patent Document 
5). The MPLS signaling unit 17 is operated for example by an RSVP-TE protocol (for 
example, refer to Non Patent Document 6). 
10 FIG. 5 shows the structure of a control unit of the GMPLS node (core) n. The 

control unit of the GMPLS node (core) comprises a GMPLS signaling unit 10, a GMPLS 
routing unit 11, and a GMPLS-TED unit 14. They are controlled by a control unit 
controller 20. The GMPLS node (core) is not necessarily matched with the IP/MPLS 
protocol. 

15 FIG. 6 shows the structure of a control unit of the IP/MPLS node. The control 

unit of the IP/MPLS node comprises an MPLS signaling unit 17, an IP/MPLS routing 
unit 18, and an IP/MPLS-TED unit 13. They are controlled by a control unit controller 
20. The IP/MPLS node is not necessarily matched with the GMPLS protocol: 

The IP/MPLS node can be operated without considering the GMPLS protocol. 

20 In the IP/MPLS node, traffic engineering can be performed without considering the 
GMPLS protocol. On the other hand, in the GMPLS cloud, traffic engineering can be 
performed by the GMPLS protocol. 
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[Example 2] 

In the case of realizing a link interface, there is a numbered system expressed by 
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allocating the IP address, and an unnumbered system expressed by the combination of 
the IP address being the node identifier and the link identifier which is uniquely allocated 
in the node, A link expressed using the numbered system is called a numbered link, and 
a link expressed using the unnumbered system is called an unnumbered link (for 
5 example, refer to Non Patent Document 7). 

Hereunder is a description of the unnumbered link. The IP address is normally 
allocated to the link interface in the MPLS network. The link in the network can be 
identified by the IP address. However, the GMPLS has a capacity of 100 or more 
wavelengths per fiber. If the IP addresses are allocated to the respective wavelength 

10 interfaces, the number of required IP addresses becomes enormous. Moreover, the LSPs 
of the respective layers are advertised as a TE link with respect to the upper layer so that, 
if the IP addresses are allocated with respect to the respective TE links, there is concern 
of a shortage of resources for the IP address. 

In view of the above, in the GMPLS, in order to identify the link (hereunder, TE 

15 link is simply called link in some cases), the link identifier which is allocated to the link 
interface is introduced. Although it is required to globally allocate the IP address, it is 
applicable as long as the link identifier is unique in the respective routers. The link in the 
network can be identified by the combination of (node identifier, link identifier). 

A link expressed by the combination of (node identifier, link identifier) is called 

20 an unnumbered link. Unnumbered means that the IP address is not allocated to the link 
interface. Therefore, in GMPLS, even if the number of wavelengths is increased or the 
number of TE links is increased, the problem of shortages of IP addresses is solved. 

Due to such reasons, the unnumbered system is normally used in the GMPLS 
cloud. However, in the case where the IP/MPLS node treats only the numbered link and 

25 can not treat the unnumbered link, if the PSC-LSP is established between the 
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GMPLS+IP/MPLS nodes (edge), it is necessary to make the PSC-LSP the unnumbered 
link. 

An example of a numbered link and an unnumbered link is shown in FIG. 7A 

and FIG. 7B. As shown in FIG. 7A, for the GMPLS+IP/MPLS node or the GMPLS node 
5 in the GMPLS cloud, the links of the respective layers are the unnumbered links except 

for the PSC-LSP. The PSC-LSP is established as the numbered link. As shown in FIG. 

7B, for the IP/MPLS node outside of the GMPLS cloud, in the case of the PSC-LSP, the 

numbered link used within the GMPLS cloud is used. 

An example of a numbered link and an unnumbered link is shown in FIG. 8A 
10 and FIG. 8B. As shown in FIG. 8A, for the GMPLS+IP/MPLS node or the GMPLS node 

in the GMPLS cloud, the links of all the layers in the GMPLS cloud are the unnumbered 

links. As shown in FIG. 8B, for the IP/MPLS node outside of the GMPLS cloud, in the 

case of the PSC-LSP, the numbered link used within the GMPLS cloud is converted into 

the unnumbered link and used. 
15 In this way, even in the case where the EP/MPLS node treats only the numbered 

link, the DP/MPLS node can be operated without considering the GMPLS protocol, by 

establishing the PSC-LSP as the numbered link. 

[Example 3] 

20 In the case where the PSC-LSP is treated as the numbered link, the IP address is 

required to be allocated to the interface of this link in the GMPLS+IP/MPLS node 
(edge). The value of the IP address must be allocated uniquely inside the network. The 
IP address allocated to the PSC-LSP interface of the respective nodes should not be 
overlapped. 

25 As shown in FIG. 9, assuming that the PSC-LSP is dynamically established, the 
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respective GMPLS+IP/MPLS nodes (edge) previously store the IP address which can be 
allocated by its own node, in the IP address pool 16. The IP address stored in the IP 
address pool 16 is the unique value in the network. If the PSC-LSP is established, the 
respective nodes select one IP address to be allocated to the link from the IP address pool 
5 16, and obtain it as the IP address of the link of this interface. The operation is 

performed on the opposite ends of the GMPLS+IP/MPLS node (edge). The IP address 
obtained by its own node is notified by a message to the opposite GMPLS+IP/MPLS 
node (edge). 

FIG. 10 shows the structure of a GMPLS+IP/MPLS node (edge) which has an IP 
10 address pool 16. The structure in FIG. 10 corresponds to the establishment example in 
FIG. 7A and FIG. 7B. That is, in the establishment example in FIG. 7A and FIG. 7B, as 
shown in FIG. 7A, the PSC-LSP is identified by the numbered system, even in the 
GMPLS cloud. FIG. 11 shows the structure of a GMPLS+IP/MPLS node (edge) which 
has an IP address pool 16 and a numbered/unnumbered converting unit 15. The structure 
15 in FIG. 11 corresponds to the establishment example in FIG. 8A and FIG. 8B. That is, in 
the establishment example in FIG. 8A and FIG. SB, as shown in FIG. 8A, the 
numbered/unnumbered converting unit 15 can be used so as to completely apply an 
unnumbered system, in the GMPLS cloud. 

In this manner, even if the PSC-LSP is dynamically established, by previously 
20 storing the IP address in the IP address pool 16, the IP address of the link can also be 
dynamically allocated. 
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[Example 4] 

In example 1 to example 3 described above, the GMPLS+IP/MPLS node in the 
GMPLS network which can process the IP/MPLS protocol is limited to the edge node 



which is directly connected to the IP network. In example 4, as shown in FIG. 12, 
GMPLS+IP/MPLS nodes are positioned in the GMPLS network so that even the core 
•node which is not directly connected to the IP network can process the GMPLS protocol 
and the IP/MPLS protocol. 
5 The establishment condition of the LSP establishment in example 4 is described 

with reference to FIG. 13A to FIG. 13C. The PSC-LSP is established between a 
GMPLS+IP/MPLS node (edge) 32 and a GMPLS+IP/MPLS node (core) 36. Moreover, 
the PSC-LSP is established between the GMPLS+IP/MPLS node (core) 36 and a 
GMPLS+IP/MPLS node (edge) 39. Since the PSC-LSP is established through the LSC- 

10 LSP, the LSC-LSP is established before the PSC-LSP is established. Therefore, the 
GMPLS+IP/MPLS node (edge) is used as a normal link of the IP/MPLS, for the 
IP/MPLS node outside of the GMPLS network. 

If an MPLS-LSP is established to an IP/MPLS node 31 and an IP/MPLS node 
41, the MPLS-LSP uses the PSC-LSP as a normal link for the IP/MPLS node. Therefore, 

15 the IP packet passes through the MPLS-LSP. 

Moreover, in some cases the IP/MPLS node 31 transfers the IP packet to the 
IP/MPLS node 41, not through the MPLS-LSP. In this case, the PSC-LSPs established 
between the GMPLS+IP/MPLS node (edge) 32 and the GMPLS+IP/MPLS node (core) 
36, and between the GMPLS+IP/MPLS node (core) 36 and the GMPLS+IP/MPLS node 

20 (edge) 39 are used as a normal link for the IP/MPLS node. 

FIG. 14 shows the management condition of the link state information in the 
network comprising the IP/MPLS node, the GMPLS+IP/MPLS node, and the GMPLS 
node. In FIG. 14, topology information held by the IP/MPLS node is shown. The 
difference of example 4 from example 1 is that the GMPLS+IP/MPLS node (core) 36 can 

25 behave as the IP/MPLS router for the IP/MPLS network, even if the GMPLS+IP/MPLS 
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node (core) 36 is not directly connected to the IP/MPLS network. 

The GMPLS node in the GMPLS cloud manages the link state of the GMPLS. 
For example, if the link state is advertised in the GMPLS using the routing protocol for 
GMPLS, Opaque LSA is used (for example, refer to Non Patent Documents 2, 4, and 8). 
5 The PSC-LSP established between the GMPLS+IP/MPLS nodes is advertised in the 
same form as the link between the IP/MPLS nodes, so that it can be treated as a normal 
link for the IP/MPLS router. For example, if OSPF routing protocol is used, the router 
LSA is used (for example, refer to Non Patent Document 2). 

The GMPLS+IP/MPLS node (edge) has the GMPLS-TED and the IP/MPLS- 
10 TED. The IP/MPLS node has the IP/MPLS-TED. The GMPLS+IP/MPLS node (core) 
has the GMPLS-TED. In the IP/MPLS node, the PSC-LSP in the GMPLS cloud is 
treated as a normal link between the IP/MPLSs. The link state which is advertised by the 
GMPLS routing protocol is not advertised to the IP/MPLS node. 

In example 4, compared to example 1, it can behave as the IP/MPLS router even 
15 if it is not the GMPLS+IP/MPLS node (edge). Therefore traffic engineering can be 
flexibly performed. 

[Example 5] 

In example 1 and example 4, if the OSPF routing protocol is used so as to 
20 advertise the PSC-LSP to the IP/MPLS network, the router LSA is used. As another 
scheme, an Opaque LSA within a range of the MPLS parameters not using a GMPLS 
extension may be used (for example, refer to Non Patent Document 8). In this case, the 
link state information of the GMPLS label path is advertised to the IP/MPLS node by the 
Opaque LSA which can be processed by the MPLS router, as a normal link in the 
25 IP/MPLS node. Therefore, the MPLS traffic engineering can be performed in the 
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IP/MPLS network. 
[Example 6] 

The respective examples shown below are modified versions of the 
5 abovementioned examples 1 to 5. Firstly, the modified points in examples 1 to 5 are 
described. 

Generally, the GMPLS network comprises two types of networks. The first is a 
network for transferring the control packet of the protocol which controls the network, 
represented by the routing protocol or the signaling protocol. This network is called a 

10 Control Plane (C-plane). The second is a network where the label path is established by 
the control protocol. This network is called a Data Plane (D-plane) and the user's data 
packet is transferred through the label path of this D-plane. 

In the GMPLS network, the network topology is advertised by the routing 
protocol. For example, in the case of an OSPF routing protocol, the network topology of 

15 the C-plane is advertised by the router LSA, and the network topology comprising the 
label path of the D-plane is advertised by the Opaque LSA. 

As shown in the abovementioned examples, when the label path is advertised to 
the IP/MPLS network, it is advertised by the router LSA (since it is a special router LSA 
for advertising the label path to the IP/MPLS network, it is called a "label path router 

20 LSA" hereunder). However, in the abovementioned examples, this label path router LSA 
is also advertised to the inside of the GMPLS network. Generally, the GMPLS node 
manages the C-plane and the D-plane separately. However if the label path router LSA 
is advertised, the GMPLS network can not distinguish whether the advertised router LSA 
is the original router LSA that expresses the C-plane or the label path router LSA. That 

25 is, a network having the C-plane and the label path mixed is recognized. 
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Hereunder is a description of a method for solving such problems in the routing 
protocol in the respective examples. 

The GMPLS+IP/MPLS node in the respective examples described below is a 
version having components added to the GMPLS+IP/MPLS node in the respective 
5 examples described above. Therefore, in the respective examples below, only the 
components of these characteristic parts are illustrated, and the components of the 
GMPLS+IP/MPLS node which are already shown in the respective examples described 
above (refer to FIG. 4, FIG. 10, FIG. 11 and the like) are not illustrated. 

As described before, the GMPLS+IP/MPLS node advertises the link state 
10 information of the GMPLS label path of the packet layer to the IP/MPLS node by the 
router LSA as the normal link in the IP/MPLS node. Therefore, the GMPLS+IP/MPLS 
node has the function of converting the Opaque LSA for advertising the label path in the 
GMPLS network, into the router LSA to advertise it to the IP/MPLS network. Moreover, 
at the same time advertising the router LSA, the GMPLS+IP/MPLS node also has the 
15 function of generating the Opaque LSA having a given flag for explicitly showing that 
the GMPLS+IP/MPLS node itself advertises the label path to the IP/MPLS network, to 
advertise it. This flag also shows that the Opaque LSA for advertising the label path in 
the GMPLS network is converted into the router LSA. Therefore it is called a "label path 
conversion flag" hereunder. 
20 FIG. 15 is a block diagram showing the structure of an LSA converting unit 50 

provided in the GMPLS+IP/MPLS node, according to the present example. This LSA 
converting unit 50 realizes the two functions described above. It comprises an Opaque 
LSA converting unit 51, a router LSA generating unit 52, and an LSA advertising unit 
53. 

25 The Opaque LSA converting unit 51 outputs the Opaque LSA for advertising to 
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the IP/MPLS network, to the router LSA generating unit 52, and adds the label path 
conversion flag to the Opaque LSA, then outputs it to the LSA advertising unit 53. The 
router LSA generating unit 52 converts the Opaque LSA output from the Opaque LSA 
converting unit 51 into the router LSA, and outputs it to the LSA advertising unit 53. 
5 The LSA advertising unit 53 advertises the Opaque LSA having the added label path 
conversion flag which is output from the Opaque LSA converting unit 51 and the router 
LSA which is output from the router LSA generating unit 52, to the other nodes. 

FIG. 16 shows the correspondence of the Opaque LSA parameters used in 
GMPLS, and the router LSA parameters used in MPLS. Examples of parameters 
10 relevant to the present application among the parameters not shown in the drawings 

include Advertising Router and LS Sequence number which are common to the Opaque 
LSA and the router LSA. 

Next is a description of the operation performed by the LSA converting unit 50 
for converting the Opaque LSA expressing the label path of the D-plane in the GMPLS 
15 network, into the router LSA. 

Case (1): The label path is the numbered system, and the Link type is point-to-point. 

The LSA converting unit 50 changes the Link-State Advertisement Type to 1, 
copies an Advertising Router value and an LS Sequence number value, copies the Link 
20 ID field value in the Opaque LSA to the Link ID field of the router LSA, and copies the 
Local interface IP address field value in the Opaque LSA to the Link Data field of the 
router LSA expressing the router interface's IP address. A "1" for the value of the Link- 
State Advertisement Type means the router LSA. 

25 Case (2): The label path is the unnumbered system, and the link type is point-to-point. 
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The LSA converting unit 50 changes the Link-State Advertisement Type to 1, 
copies an Advertising Router value and an LS Sequence number value, copies the Link 
ID field value in the Opaque LSA to the Link ID field of the router LSA, and copies the 
Link Local Identifiers field value in the Opaque LSA to the Link Data field of the router 
5 LSA expressing the iflndex value. 

Case (3): The Link type of the label path is multi-access. 

The LSA converting unit 50 changes the Link-State Advertisement Type to 1, 

copies an Advertising Router value and an LS Sequence number value, copies the Link 
10 ED field value in the Opaque LSA to the Link ID field of the router LSA, and copies the 

Local interface IP address field value in the Opaque LSA to the Link Data field of the 

router LSA expressing the router interface's IP address. 

By installing the above functions, it becomes possible to generate a router LSA 

which plays a role of advertising the GMPLS label path to the MPLS network. As 
15 shown in FIG. 16, the router LSA thus generated reflects values in the original Opaque 

LSA, and copies the Advertising Router and the LS sequence number to succeed them. 

[Example 7] 

FIG. 17 is a block diagram showing a structure of a router LSA identifying unit 
20 60 provided in the GMPLS+IP/MPLS node according to the present example. This 
router LSA identifying unit 60 comprises an LSA judging unit 61 and the 
abovementioned GMPLS-TED unit 14. 

The LSA judging unit 61 inquires to the GMPLS-TED unit 14 of its own node, 
so that it can identify whether the router LSA advertises the C-plane of the GMPLS, or 
25 whether it is converted firom the GMPLS label path, in the case where the router LSA 
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generated by another node has been received. 

That is, the LS A judging unit 61 searches in the GMPLS-TED unit 14 using as a 
key, the Advertising Router value and the LS Sequence number value included in the 
router LSA received from another node. If an Opaque LSA in which the Advertising 
5 Router value and the LS Sequence number value are the same as those in the received 
router LSA is stored in the GMPLS-TED unit 14, it judges that the received router LSA 
is generated by converting the Opaque LSA expressing the GMPLS label path (that is, 
the label path router LSA). 

By installing the above functions, it becomes possible to identify whether the 
10 router LSA advertised to the network expresses the C-plane of the GMPLS network or 
whether it is generated by converting the Opaque LSA expressing the D-plane label path. 
Therefore, the GMPLS node can determine which router LSA should be used for 
generating the C-plane topology and which router LSA should be used for generating the 
D-plane topology. 

15 

[Example 8] 

The present example is another example of generating a router LSA which plays 
a role of advertising the GMPLS label path to the MPLS network. The structure of the 
GMPLS+IP/MPLS node according to the present example is similar to that of example 6, 
20 but the operation of the LSA converting unit 50 is partially different from that of 
example 6. 

Hereunder is a description of the operation of the LSA converting unit 50 which 
converts the Opaque LSA into the router LSA. 

25 Case (1): The label path is the numbered system, and the Link type is point-to-point. 
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The LSA converting unit 50 changes the Link-State Advertisement Type to 1, 
copies an Advertising Router value, turns the label path conversion flag on, copies the 
Link ID field value in the Opaque LSA to the Link ID field of the router LSA, and copies 
the Local interface IP address field value in the Opaque LSA to the Link Data field of the 
5 router LSA expressing the router interface's IP address. 

Case (2): The label path is the unnumbered system, and the Link type is point-to-point. 

The LSA converting unit 50 changes the Link-State Advertisement Type to 1, 
copies an Advertising Router value, turns the label path conversion flag on, copies the 
10 Link ID field value in the Opaque LSA to the Link ID field of the router LSA, and copies 
the Link Local Identifiers field value in the Opaque LSA to the Link Data field of the 
router LSA expressing the iflndex value. 



Case (3): The Link type of the label path is multi-access. 

15 The LSA converting unit 50 changes the Link-State Advertisement Type to 1, 

copies an Advertising Router value, turns the label path conversion flag on, copies the 
Link ID field value in the Opaque LSA to the Link ID field of the router LSA, and copies 
the Local interface IP address field value in the Opaque LSA to the Link Data field of the 
router LSA expressing the router interface's BP address. 

20 By installing the above functions, it becomes possible to generate a router LSA 

which plays a role of advertising the GMPLS label path to the MPLS network. As 
shown in FIG. 16, the router LSA thus generated reflects values in the original Opaque 
LSA, copies an Advertising Router value to succeed it, and tums the label path 
conversion flag on. 



25 
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[Example 9] 

The present example is another example of identifying whether the router LSA 
generated by another node advertises the GMPLS C-plane or whether it is converted 
from the GMPLS label path. The structure of the GMPLS+IP/MPLS node according to 
5 the present example is similar to that of example 7, but the operation of the LSA judging 
unit 61 is different from that of example 7. 

That is, the LSA judging unit 61 according to the present example searches in 
the GMPLS-TED unit 14 of its own node using as a key, the Advertising Router value 
and the label path conversion flag included in the router LSA received from another 
10 node. If an Opaque LSA with the same Advertising Router value and with the label 
conversion flag turned on is stored in the GMPLS-TED unit 14, it judges that the 
received router LSA is a label path router LSA generated by converting the Opaque LSA 
expressing the GMPLS label path. 

By implementing the above functions, it becomes possible to identify whether 
15 the router LSA advertised to the network expresses the C-plane of the GMPLS network 
or whether it is generated by converting the Opaque LSA expressing the D-plane label 
path. Therefore, the GMPLS node can determine which router LSA should be used for 
generating the C-plane topology and which router LSA should be used for generating the 
D-plane topology. 

20 

[Example 10] 

FIG. 18 is a block diagram showing a structure of the network for explaining the 
present example. The diagram shows an example wherein the network comprises 
IP/MPLS nodes 71 and 72, GMPLS+IP/MPLS nodes (edge) 73 and 74, and a 
25 GMPLS+IP/MPLS node (core) 75. Moreover, FIG. 19 shows a path establishment 
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sequence of the network of the present example. 

In the case where the C-plane topology of the GMPLS network is advertised by 
the router LSA, the IP/MPLS node receiving this recognizes the C-plane topology of the 
GMPLS network, and the IP/MPLS node having this topology information outputs the 
5 request to specify the C-plane of the GMPLS network and to establish the MPLS label 
path, then in the case where there is a GMPLS label path having the corresponding nodes 
on opposite ends of the C-plane link on the route specified by this request, the route 
specified for this GMPLS label path is allocated. 

By installing the above functions, when establishing the MPLS path from the 
10 IP/MPLS node outside of the GMPLS network via the GMPLS network, it becomes 
possible to specify a route inside of the GMPLS network, to establish the path. 

Assuming the case where the route specified by the IP/MPLS node 71 is the C- 
plane link of the GMPLS network, the GMPLS+IP/MPLS node (edge) 73 in the GMPLS 
network, and the GMPLS+IP/MPLS node (core) 75 on the route, read the C-plane 
15 specification to convert into the D-plane link (label path) corresponding to this C-plane, 
to establish the route. 

The C-plane is originally a network for transferring control signals. Therefore 
this is not necessarily limited to maintaining a band for transferring large volumes of 
data. Thus, by providing the abovementioned functions, even if the C-plane of the 
20 GMPLS network visible from the IP/MPLS node is specified as a route, the present 
example can allocate an appropriate network for transferring data by automatically 
switching to the corresponding D-plane on the same route. 

The route specified by the IP/MPLS nodes is the C-plane shown by broken lines 
in the example of FIG. 18. In this case, if the existing GMPLS label path shown by thick 
25 lines is established (if the label path for advertising to the IP/MPLS network is already 



40 

established), the relaying GMPLS+IP/MPLS node (edge) 73 and the GMPLS+IP/MPLS 
node (core) 75 read it and convert the route into the D-plane label path. 

The sequence at this time is shown in FIG. 19. As shown in FIG. 19, if the 
IP/MPLS node 71 performs the MPLS label path establishment request (PATH message), 
5 the GMPLS+IP/MPLS node (edge) 73 reads the C-plane specification to convert into the 
D-plane specification to establish the route, and the GMPLS+IP/MPLS node (core) 75 
performs in a similar way. Then, when the MPLS label path establishment request is 
serially transferred to the IP/MPLS node 72, the MPLS label path establishment request 
response (RES V message) is generated by the IP/MPLS node 72 in response to this 
10 request, and serially transferred to the IP/MPLS node 71. 

[Example 11] 

FIG. 20 shows a path establishment sequence in the present example. The 
network structure of the present example is the same as that of FIG. 18 referred to in 
15 example 10. 

Similarly to example 10, in the case where the C-plane topology of the GMPLS 
network is advertised by the router LSA, the IP/MPLS node receiving this recognizes the 
C-plane topology of the GMPLS network, and the IP/MPLS node having this topology 
information outputs the request to specify the C-plane of the GMPLS network and to 

20 establish the MPLS label path, then the present example is for the case where there is no 
GMPLS label path having the corresponding nodes on opposite ends of the C-plane link 
on the route specified by this request. In this case, the GMPLS+IP/MPLS node of the 
present example uses the MPLS label path establishment request output from the 
aforementioned IP/MPLS node as the trigger, so as to newly establish the label path to 

25 the D-plane corresponding to the opposite nodes of the C-plane link, and allocates the 
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route specified with respect to the newly established label path. 

By installing the above functions, then even in a case where the MPLS node 
specifies the C-plane of the GMPLS network as the route, and in a case where there is no 
corresponding label path on the corresponding link, it becomes possible to automatically 
5 and newly generate the corresponding label path and establish the MPLS path using the 
new label path. 

FIG. 20 shows the establishment sequence for the MPLS label path at this time. 
As shown in FIG. 20, the DP/MPLS node 71 outputs the MPLS label path establishment 
request (PATH message). The GMPLS+IP/MPLS node (edge) 73 receives this MPLS 

10 label path establishment request. If the GMPLS+IP/MPLS node (edge) 73 detects that 
there is no GMPLS label path having the corresponding nodes on opposite ends of the C- 
plane link on the route specified by the MPLS label path establishment request, the 
GMPLS+IP/MPLS node (edge) 73 generates the GMPLS label path establishment 
request (PATH message). This GMPLS label path establishment request is transferred to 

15 the GMPLS+IP/MPLS node (edge) 74 via the GMPLS+IP/MPLS node (core) 75. 
Accordingly, the label path is newly established in the D-plane. In response to this 
GMPLS label path establishment request, the GMPLS+IP/MPLS node (edge) 74 
generates the GMPLS label path establishment request response and this GMPLS label 
path establishment request response is transferred to the GMPLS+IP/MPLS node (edge) 

20 73. At this time, the respective GMPLS+IP/MPLS nodes allocate the route specified for 
the newly established label path. Then, similarly to example 10, the MPLS label path 
establishment request is transferred to the IP/MPLS node 72, and then the MPLS label 
path establishment request response is transferred to the IP/MPLS node 71. 

25 [Example 12] 
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In the present example, in the case where the GMPLS label path having the 
corresponding nodes on opposite ends of the C-plane link of the GMPLS network 
specified by the IP/MPLS node is allocated as in the abovementioned example 10 or 
example 11, the GMPLS+IP/MPLS node which directly receives the request from the 
5 IP/MPLS node transfers the data which is transferred from the IP/MPLS node, not to the 
route specified by the IP/MPLS node, but to the GMPLS label path allocated as 
described above. That is, in the case where the GMPLS+IP/MPLS node (edge) converts 
the label path route specifying the C-plane into the D-plane label path, then synchronized 
with this, the routing table (not shown) of this GMPLS+IP/MPLS node (edge) is 
10 rewritten, and transfer to the D-plane label path is performed. 

As above, preferred examples of the present invention are described with 
reference to the drawings. However the present invention is not limited to the example 
described above and for example, the components of these examples may be suitably 
combined. 

15 

Industrial Applicability 
According the present invention, it becomes possible to realize a network having 
MPLS and IP/MPLS mixed, in which the IP/MPLS node can be operated as is without 
replacing the IP/MPLS node with a node having a GMPLS function, even if the GMPLS 

20 and IP/MPLS are mixed. Accordingly, the applicable range of the node is widened, 
enabling a decrease in the cost of the node. Moreover, since the number of types of 
arranged nodes can be decreased, when designing the network, the degree of freedom of 
design can be improved. Furthermore, according to the present invention, in the case 
where the GMPLS network and the IP/MPLS network are connected, the routing 

25 protocol can be normally operated. Therefore, by performing traffic engineering based 
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on this, it becomes possible to distribute the traffic, and to effectively use the network 
resources. 



